An approach was developed for the isolation and characterization of soybean plasma membrane-associated proteins by immunoscreening of a cDNA expression library. An antiserum was raised against purified plasma membrane vesicles. In a differential screening of -500,000 plaqueforming units with the anti-(plasma membrane) serum 
pholipase C, and S-adenosylmethionine:A24-sterol-Cmethyltransferase have not to date been cloned from plants. The The plant plasma membrane delimits the boundary between the cytosol and cell wall and has important physiological functions in cell wall synthesis, active transport of ions and metabolites, hormone action and response, plant-microbe interactions, and stress responses. Many of these functions are done by membrane proteins that are anchored in or associated with the lipid bilayer. Only a few plant membrane proteins have been purified, including H+-ATPase, Ca2+-ATPase, auxin-stimulated NADPH oxidase, sucrose transporter, and fusicoccin-binding protein complex (1) . Similarly, only a few genes encoding plasma membrane proteins have been isolated, including H+-ATPase, sugar transporter, nitrate transporter, K+ channel, and water channel (2) (3) (4) (5) (6) (7) .
The individual protein constituents of the plasma membrane are not readily extracted and purified because of their high degree of hydrophobicity. Although several new detergents are now available, solubilization of membrane proteins without changing their activities is still a major problem for the characterization of membrane proteins. Here we report an alternative approach for characterization of plasma membrane-associated proteins. The technique consists of three steps: (i) raising an antiserum against purified plasma membranes, (ii) screening a cDNA expression library using the anti-(plasma membrane) serum, and (iii) identifying the proteins encoded by the cDNA clones by partial sequence analysis
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. and data base search for homology (8) . Using this approach, we have isolated 40 groups of cDNA clones that encode putative plasma membrane-associated proteins from a soybean hypocotyl cDNA expression library. Eleven 10 ,000 x g for 10 min. The supernatant was collected and centrifuged at 50,000 x g for 30 min to obtain the microsomal pellet. Plasma membrane vesicles were prepared from the crude microsomal pellet by partitioning in an aqueous polymer two-phase system as described by Larsson et al (10) . Protein concentrations were estimated by using the DC protein assay kit (Bio-Rad) with bovine serum albumin as standard.
Production of Anti-(Plasma Membrane) Serum (Table 2) . A significant match between two sequences was indicated when the PAM120 score was >100. Among these sequences, annexin, phospholipase C, thioredoxin, and isomers of CDPK and lipoxygenase have previously been reported to be associated with the plasma membrane in higher plants or animals (15) (16) (17) (18) (19) (20) . The clathrin heavy chain is associated with coated pits on plasma membranes and with coated vesicles in the cytosol. Isomers of 70-kDa hsp are involved in decoating processes (21) . The yeast gene ERG6 encodes a membrane-bound S-adenosylmethionine:A24-sterol-C-methyltransferase (22, 23 (25) and Saccharomyces cerevisiae cell-cycle protein CDC48 (26) , respectively (Fig. 3) . At Proc. Natl. Acad. Sci. USA 92 (1995) therein). Sequence comparisons between sVCP and these proteins are summarized in (31) , two plasma membrane proteins, nitrilase and water channel, and a putative plasma membrane-associated aminopeptidase were isolated from Arabidopsis thaliana (7, 32, 33) . Detailed analyses of the anti-(plasma membrane) serum and antiserum positive clones, however, were not conducted.
In one A. thaliana random cDNA sequencing project, 1152 randomly selected cDNA clones were partially sequenced, and 895 clones were identified as unique cDNAs (34) . In the present project, -1200 anti-(plasma membrane) serumpositive cDNA clones were characterized by differential screening, hybridization analysis, and partial DNA sequencing and then classified into 40 groups. Although the 895 cDNA classes in theArabidopsis random sequencing project are likely to be an overestimate (as indicated by the authors), the present approach clearly presents a more stringent selection strategy (i.e., nonrandom). In the Arabidopsis project, 210 cDNA groups (23%) were identified by partial sequencing and data base comparison from the 895 unique cDNAs. Of these identified cDNAs, 59 (28%) encoded ribosomal proteins or translation-related proteins, and at least 44 (21%) encoded (15, 35, 36) . Isomers of CDPK and lipoxygenase are plasma membrane-bound proteins in higher plants (16, 19, 20) . Phospholipase C is a key enzyme in the transduction of agonistdependent signals across the plasma membrane in animal cells and has also been identified in plasma membranes from plants (37) . The soybean phospholipase C isolated in this study has been localized to plasma membranes (J.S., R.A.G., and M.K.B., unpublished results). The soybean thioredoxin had high similarity to mammalian thioredoxins, which have multiple subcellular locations including the plasma membrane (17, 18, 38) , and was shown to have a putative transmembrane domain using the PC/GENE program RAOARGOS (data not shown). A transmembrane domain has previously been reported in a bacterial thioredoxin that is localized on the cytoplasmic membrane (39) . Clathrin heavy chain is the major component of coated-pit proteins. A member of the 70-kDa hsp family has ATPase activity and is involved in the decoating process foriclathrin-coated structures (21) . Seventy-kilodalton hsp is a well-known chaperone (40) (27) and has been found to form an oligomeric ring-shaped particle in the cytosol and display Mg2+-ATPase activity (41) . This feature is shared by the mammalian N-ethylmaleimide-sensitive fusion protein, which is a component of the vesicle fusion apparatus (29, 30) . The yeast CDC48 protein may play a role in vesicle attachment during spindle-pole proliferation in cell division (26) , and sVCP may, therefore, be involved in membrane transport of clathrin-coated pits and vesicles.
A major limitation to the present approach is that the anti-(plasma membrane) serum may not recognize all antigens present in the plasma membrane, as shown here specifically for two integral proteins, H+-ATPase and sugar transporter. Most cDNAs with known functions obtained through this approach encode peripheral plasma membrane proteins. There may be limitations in raising antisera against integral membrane proteins. Alternatively, it is also possible that the integral membrane proteins are not correctly folded in the present E. coli-based expression system so that they are not recognized by the anti-(plasma membrane) serum. Use of eukaryotic expression systems may eliminate such problems.
In summary, the present approach is likely to provide an alternative method of characterizing plasma membrane proteins that are not readily extracted and purified. The isolation of cDNA clones encoding VCP, clathrin heavy chain, annexin, and phospholipase C may facilitate the dissection of basic biological processes-such as exocytosis, endocytosis, intracellular vesicle trafficking, cell cycling, and plasma membrane signal transduction in plants.
